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ANTIREFLECTIVE LAMINATE 
TECHNICAL FIELD 
[0001] Field of Invention 

The present Invention relates to an anti reflective 
5 laminate possessing excellent water resistance, wetting 
resistance and alkaline chemical resistance. 

BACKGROUND ART 
[0002] Image display surfaces in image display devices 
such as liquid crystal displays (LCDs) or cathode ray tube 

10 display devices (CRTs) are required to reduce the reflection of 
light applied from an external light source such as a fluorescent 
lamp and thus to enhance the visibility of the image. To meet 
this demand, an anti reflective film having a reduced reflectance 
achieved by covering the surface of a transparent object with a 

15 transparent film having a low refractive index has been provided 
to reduce the reflection of light from an image display surface in 
the image display device and thus to improve the visibility. 
[0003] The (low) refractive Index layer is formed on the 
antlreflective film by coating a coating liquid comprising a 

20 mixture of fine particles with a binder such as a photocuring 
resin onto a base material surface and subjecting the coating to 
photocuring or the like. The refractive index layer, however, 
has low mechanical strength and, when provided on the surface 
of an image display device, often causes damage due to poor 

25 scratch resistance. 

[0004] On the other hand, Japanese Patent Laid-Open No. 
79600/2002 discloses that the low refractive index in the 
refractive index layer and the strength of the coating film can 
simultaneously be realized by adopting a low-refractive index 

30 layer that Is formed of silica sol particles and a polyfunctional 
acryl monomer, has a surface roughness, regulated on 
nanoscale, and has a nanoporous structure. In this 
anti reflective film, however, the alkali resistance and water 
resistance of the outermost surface were unsatisfactory. 

35 Further, Japanese Patent Laid-open No. 202406/2003 discloses 
that the provision of a water-repellent/oil-repellent anti-fouiing 
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layer on the surface of a low-refractive Index layer using silica 
fine particles having a low-refractive index can realize 
low- refractive index and anti-fouling properties. In this 
anti-reflective film, however, the alkali resistance of hydrophilic 
5 silica fine particles present near the outermost surface of the 
low-refractive index layer and the water resistance of the inside 
of the coating film are unsatisfactory. 

[0005] Accordingly, the development of an a nti reflective 
laminate, which has a low-refractive index and mechanical 

10 strength and comprises a low- refractive index layer having both 
alkali resistance and water resistance, has been still demanded. 

RELATED APPLICATIONS 
[0006] This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application No, 

15 105739/2004 and No. 285050/2004, the entire contents of 
which are incorporated herein by reference. 

DISCLOSURE OF THE INVENTION 
[0007] The present Inventors have aimed at a constituent 
material of a low- refractive index layer constituting an 

20 anti-reflective laminate at the time of the present invention and, 
as a result, have found that the adoption of fine particles having 
a specific average particle diameter and subjected to 
hydrophobitization treatment as a constituent material of the 
low-refractive index layer can realize a significant improvement 

25 in water resistance, alkali resistance, and wetting resistance In 
the outermost surface of the anti reflective laminate. 
Accordingly, the present Invention is to provide an anti reflective 
laminate that has significantly Improved water resistance, alkali 
resistance, and wetting resistance and has improved visibility 

30 and scratch resistance. 

[0008] Thus, according to the present Invention, there is 
provided an antireflectlve laminate comprising 

a light- transparent base material and a 
low- refractive index layer provided on the light-transparent 

35 base material, wherein 

said low-refractive index layer Is provided directly 
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on a surface of the light-transparent base material or is 
provided on the outermost surface of one or two or more 
optional layers provided on the surface of the light-transparent 
base material, and 
5 said low- refractive index layer comprises 

hydrophobitized fine particles having an average particle 
diameter of not less than 5 nm and not more than 300 nm, and 
a binder. 

[0009 r ] According to the present Invention, the adoption of 

10 a low-refractive index layer comprising hydrophobitized fine 
particles as an indispensable layer construction in the 
anti reflective laminate can realize low-refractive index, water 
resistance, alkali resistance, and wetting resistance, whereby an 
antlreflective laminate having significantly improved visibility 

15 and durability (scratch resistance, high hardness and high 
strength) can be provided. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0010] Antlreflective laminate. 

In the antlreflective laminate according to the 

20 present invention, a low-refractive index layer is provided 
directly on a light-transparent base material, or alternatively is 
provided on the outermost surface of one or a plurality of 
optional layers provided on the surface of the light-transparent 
base material. 

25 [0011] 1. Low- refractiv e indey laver 

The low- refractive index layer may comprise 
hydrophobitized fine particles, a binder, and optional 
components. The low- refractive index layer may have a 
single-layer structure formed of a composition comprising fine 

30 particles and a binder, or alternatively may be a multilayer 
structure of a laminate of a plurality of layers formed of 
compositions having different formulations, 
[0012] In a preferred embodiment of the present 
invention, the low -refractive index layer comprises a layer 

35 formed of the fine particles and the binder (a first layer) and a 
layer formed of the binder alone (a second layer) provided on 
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the first layer, and the outermost surfBce of the low-refractive 
index layer has been rendered smooth. In this case, the 
thickness of the second layer is more preferably not more than 
30 nm. When the thickness of the second layer is not more 
5 than 30 nm, there is substantially no influence on a spectral 
curve even though the refractive index is higher than that of the 
low-refractive index layer. Further, satisfactory flatness can be 
realized. 

[0013] In this case, preferably, the second layer Is formed 
10 so as to cover the fine particles exposed on the surface of the 
first layer, and the low* refractive index layer has a desired 
thickness. More specifically, the first layer and the second 
layer are formed so that the ratio of the thickness of the first 
layer to the thickness of the second layer is 3 : 2 (120 nm : 80 
15 nm), preferably 2 : 1 (100 nm • 50 nm), more preferably 3 : 1 
(99 nm : 33 nm). 

[0014] Hvrirophobltization of fine partic les 

In the present Invention, hydrophobitized fine 
particles are utilized. Fine particles to be hydrophobitized per 

20 se may be hydrophobilic or nonhydrophobic, or may have both 
hydrophoblllc and nonhydrophobic properties. The 
hydrophillzation may be carried out on the whole surface of the 
fine particles or may be further carried out to an internal 
structure of the fine particles. The fine particles may be 

25 hydrophobitized by the following method. 

[0015] 1) Hyrophobitiyatifln with low-molecular organic 

Compound 

The hydrophilizatlon may be carried out by a 
method which comprises dispersing fine particles (for example, 
30 silica fine particles) in a solution of a low-molecular organic 
compound in an organic solvent and then fully evaporating and 
removing the organic solvent to treat (cover) the fine particles 
with the low-molecular organic compound and to hydrophobitlze 
the fine particles. 

35 An organic compound having a molecular weight 

(number average molecular weight as determined using 
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polystyrene as a standard substance) of not more than 5000, 
preferably not more than 3000, may be mentioned as the 
low-molecular organic compound, Specific examples thereof 
Include low-molecular organic carboxylic acids such as stearic 
5 acid, lauric acid, oleic add, linolic acid, and linoleic acid, or 
low-molecular organic amines. 

[0016] 2) Surface cove rin g hydrophohitization WW polymer^ 
rpmpound 

Surface covering hydrophobltizatlon with a 

10 polymeric compound is a method in which at least a part of the 
surface of the fine particles is covered with a polymeric 
compound. Specific examples of such methods include a 
method in which a monomer is adsorbed selectively on the 
surface of fine particles followed by Increasing of the molecular 

15 weight, an emulsion polymerization method In the presence of 
fine particles, a micro-encapsulation method, a dispersion 
polymerization method, a suspension polymerization method, a 
seed polymerization method, a spray drying method, a cold 
granulation method, a method using a supercritical fluid, a 

20 heteroaggregation method, a dry-type fine particle aggregation 
method, a phase separation method (a coacervation method), 
an interfacial polymerization method, a liquid drying method 
(an interfacial precipitation method), an orifice method, an 
interfacial Inorganic reaction method, and an ultrasonication 

25 method. At least a part of the surface of the fine particles can 
be covered with a desired polymeric compound by any of the 
above methods. 

[0017] The polymeric compound has a molecular weight 
(number average molecular weight using polystyrene as a 

30 standard substance) of not less than 5000, preferably not less 
than 10000. Polymeric compounds having a higher level of 
hydrophobicity are more preferred. Specific examples of such 
polymeric compounds Include polyolefin resins, polystyrene, 
resins containing a halogen such as a fluorine atom, acrylic 

35 resins, nitrogen-containing resins, polyvinyl ethers, polyamide 
resins, polyester resins, polycarbonate resins, silicone resins, 
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PPO resins, phenolic resins, xylene resins, amino resins, acetal 
resins, polyether resins, epoxy resins, penton resins, natural 
rubbers, synthetic rubbers per se and/or synthetic rubber 
composited products (blends or copolymers), or product by 
5 increasing the molecular weight of coupling agents described in 
3) below, or organic-inorganic hybrid polymer compounds. 
Specific examples of monomers of organic-inorganic hybrid 
polymers include organometal compounds such as alkoxysilanes 
which are used in combination with monomers or polymers 
10 exemplified in 4) below. Specific examples of preferred 
organic-inorganic hybrid polymers include commercially 
available products such as Compocerane or Urearnou 
(tradename: manufactured by Arakawa Chemical Industries, 
Ltd.). 

15 [0018] 3) Hydrophobitization treatm ent with coupling agent 

Hydrophobitization treatment with coupling agent is 
a fine particle hydrophobitization method that is the same as 
the method described in 1) above, except that a coupling agent 
is used instead of the low-molecular organic compound. A wide 

20 variety of coupling agents are usable. Preferred are alkyl 
chain-containing silane coupling agents, fluorine 
atom-containing silane coupling agents (fluorosilane coupling 
agents). When the surface of the fine particles (preferably 
inorganic fine particles) Is hydrophobltlzed with these coupling 

25 agents, the hydrophobltlzed fine particles have excellent 
compatibility particularly with fluorine-containing binders. As a 
result, whitening of the low-refractive index layer can be 
effectively prevented. 

[0019] Specific examples of alkyl chain-containing silane 

30 coupling agents include methyltriethoxysilane, 

trimethyltrichlorosilane, ethyltriethoxysilane, 
ethyltrichlorosilane, phenyltrlethoxysilane, phenyltrlchlorosilane, 
dlmethyldiethoxysilane, dimethyldlchlorosilane, 3-glycidoxy 
propyltrimethoxysilane, 3-glycldoxy 

35 propylmethyldimethoxysilane, 

2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 
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3-aminopropyltriethoxysilane, 3-amlnopropyltrimethoxysilane, 
N-(2-amlnoethyl)3-amlnopropylmethyldiethoxysilane, 
3-mercaptopropyltrimethoxysilane, vlnyltrlmethoxysilane, 
vinyltriethoxysilane, vlnyltris(2-methoxyethoxy)silane / and 
5 3-methacryloxypropyltrimethoxysilane. 

[0020] Specific examples of fluorosilane coupling agents 
include fluoroalkylsilane coupling agents (tradename; TSL8262, 
TSL8257, TSL8233, TSL8231, etc.) manufactured by GE Toshiba 
Silicone Co., Ltd., or perfluoropolyether group-containing 

10 alkoxysilanes. Further, coupling agents containing elements 
other than silicon In such an amount that does not sacrifice the 
refractive index, are also usable. Specific examples of such 
coupling agents include titanate coupling agents exemplified, for 
example, by PLENACT KR-TTS, PLENACT KR-46B, PLENACT 

15 KR-55, PLENACT KR-41B, PLENACT KR-38S, PLENACT KR-138S, 
PLENACT KR-238S, PLENACT KR-338X, PLENACT KR-44, 
PLENACT KR-9SA, and PLENACT KR-ET (tradename) that are 
commercially available from AJInomoto Co., Inc.; and metal 
alkoxides such as tetramethoxytitanium, tetraethoxytitanium, 

20 tetraisopropoxytitonium, tetra-n-propoxytitanium, 
tetra-n-butoxytltanium, tetra-sec-butoxytitanium, and 
tetra-tert-butoxytitanium. 

[0021] 4) .HyriCQphobitiza tion by graf ting of hydrophobic 
polymer 

25 Methods usable for hydrophobltlzatlon by grafting 

of hydrophobic polymer can be roughly classified into the 
following three methods. 

4a) Method for rapturing growth en d of polvmer bv fine 
particles 

30 Hydrophilic groups present on the surface of fine 

particles (for example, hydroxyl group (-OH) present on the 
surface of silica) function to capture active species such as 
radicals. Accordingly, fine particles are hydrophobitlzed by 
polymerizing a polyfunctional monomer or oligomer in the 

35 presence of such fine particles, or by adding inorganic ultrafine 
particles to a polyfunctional monomer or oligomer 
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polymerization system, to attach the monomer, oligomer or 
polymer containing a polymerlzable functional group onto the 
surface of the fine particles. 

[0022] 4b) Method for initiating polymerization reaction from 

5 surface of fine particle? 

A polymerization initiation active species such as a 
radical polymerization initiator is previously formed on the 
surface of fine particles, for example, silica, and a polymer is 
allowed to grow from the surface of the fine particles using a 
10 polyfunctional monomer or oligomer. According to this method, 
a high-molecular weight polymerization reactive polymer chain 

can easily be obtained. 

[0023] 4c) Method for bonding hvdrophilic groups on surface of 
fine particles tp reactive group-containing polymer 

15 A polymer containing a bl- or higher functional 

reactive group is used. Specific methods include a method in 
which hydroxyl group of fine particles (for example, hydroxyl 
groups on silica surface) Is bonded directly to a reactive group 
in the polymer end, and a method in which a reactive group at 

20 the polymer end and/or hydrophilic groups in the fine particles 
are bonded to other reactive group followed by bonding of both 
of them to each other, 

[0024] Among the above methods, method 4c) is 
preferred, because this method can use a wide variety of 

25 polymers, is relatively simple in operation, and can realize good 
bonding efficiency. In this method, since a dehydration 
polycondensation reaction between hydroxyl groups on the 
surface of fine particles and a reactive group-containing 
polymer is utilized, dispersion of the fine particles (for example, 

30 silica fine particles) in a polymer and Its solution followed by 
heating at suitable temperature for a proper period of time Is 
necessary. For example, in the case of silica, heating generally 
at 80°C or above for 3 hr or longer is preferred, although the 
conditions vary depending upon the amounts of silica and the 

35 polymer. 

[0025] Fine particles can be hydrophobitized by the above 
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methods 1) to 4). Specific preferred examples of the present 
invention will be described. When the surface of silica is 
hydrophobitized, preferably, the above hydrophobic compound 
is present in an amount of not less than 1 part by weight based 
5 on 100 parts by weight of silica. Further, the number average 
molecular weight of the graft part of the polymer present on the 
silica surface is preferably in the range of 300 to 20000. The 
amount of the polymerizable functional group attached to silica 
can be measured by elemantary analysis, 

10 [0026] fine particles 

The fine particles may be formed of an inorganic 
material or an organic material, and examples thereof include 
fine particles of metals, metal oxides, and plastics. Preferred 
are silicon oxide (silica) fine particles. The silica fine particles 

15 can impart a desired refractive Index while suppressing an 
increase in refractive index of the binder. The silica fine 
particles may be in any form such as crystalline, sol, or gel form. 
Further, the silica fine particles may be a commercially available 
product, and preferred examples thereof include Aerosil 

20 (manufactured by Degussa) and Colloidal silica (manufactured 
by Nissan Chemical Industries Ltd.). 

[0027] In a preferred embodiment of the present 
invention, "void-containing fine particles" are utilized. The 
'Void-containing fine particles" can lower the refractive index 

25 while maintaining the strength of the lower-refractive Index 
layer. In the present invention, the expression "void-containing 
fine particles" refers to fine particles that have a structure 
containing gas filled into fine particles and/or a gas-containing 
porous structure and have a refractive index which is lowered 

30 inversely proportionally to the proportion of gas In the fine 
particles as compared with the refractive Index of the fine 
particles per se. Further, in the present invention, the fine 
particles include those which can form a nanoporous structure 
in at least a part of the inside and/or surface of the fine particle 

35 depending upon the form, structure, aggregation state, and 
dispersion state of the fine particles within the coating film. 
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[00281 Specific examples of preferred void-contain.ng 
inorganic fine particles Include silica f.ne particles prepared by a 
technique disclosed in Japanese Patent Laid-open No. 
233611/2001. The void-containing silica fine particles can 

5 easily be produced, and the hardness of the void-eontaming 
silica fine partic.es per se Is high. Therefore, w en a 
lower-refractive index layer is formed of a mixture of the 
void-containing silica fine particles with a binder, the layer 
strength can be improved and the refractive Index can be 

10 regulated to fall within a range of about 1.20 to 1.45. In 
particular, specific examples of preferred void-containing 
organic fine particles include empty polymer fine particles 
prepared by a technique disclosed in Japanese Patent La.d-Open 
NO. 80503/2002. 

15 [00291 Fine particles which can form a nanoporous 
structure in at least a part of the inside and/or surface of the 
coating film include, in addition to the above silica fine partic es, 
sustained release materials which have been produced for 
increasing the specific surface area and adsorb various chemical 
20 substances in a packing column and a porous part provided on 
the surface thereof, porous fine particles for catalyst fixation 
purposes, or dispersions or aggregates of empty fine particles 
to be incorporated in Insulating materials or low-perm.ttiv.ty 
materials. Specific examples thereof include those in a 
25 preferred particle diameter range of the present invention 
selected from commercially available products, for example, 
aggregates of porous silica fine particles selected from Nips.l or 
Nipgel (tradenames, manufactured by Nippon Silica Industr.al 
Co , Ltd.), Colloidal silica (tradename) UP series, manufactured 
30 by Nissan Chemical Industries Ltd. having a structure in which 
silica fine particles are connected to one another in a chain 

[0030] The average particle diameter of the fine particles 
is not less than 5 nm and not more than 300 nm. Preferably, 
35 the lower limit is 8 nm, and the upper limit is 100 nm. More 
preferably, the lower limit is 10 nm, and the upper l.m.t is 80 
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nm When the average particle diameter of the fine particles is 
in the above-defined range, excellent transparency can be 
imparted to the lower- refractive index layer. 
[0031] Binder 

5 The binder contains a monomer having, in one 

molecule, three or more functional groups curable upon 
exposure to an ionizing radiation. The monomer used m the 
present Invention contains an ionizing radiation curable 
functional group (hereinafter often referred to as ionizing 

10 radiation curable group") and a heat curable functional group 
(hereinafter often referred to as *heat curable group ). 
Accordingly, when a composition (coating liquid) containing this 
monomer is coated onto the surface of an object to form a 
coating which is dried and Is then exposed to an ionizing 

15 radiation or is then exposed to an ionizing radiation with 
heating, a chemical bond such as a crosslinking bond can easily 
be formed within the coating film and, consequently, the coating 
film can be efficiently cured. 

[0032] The "ionizing radiation curable group" contained in 
20 this monomer is a functional group that, upon exposure to an 
ionizing radiation, can allow a reaction for increasing the 
molecular weight such as polymerization or crosslinking to 
proceed to cure the coating film. Examples of such groups 
include those that can allow the reaction to proceed by a 
25 reaction form, for example, a polymerization reaction such as 
photoradlcal polymerization, photocation polymerization, or 
photoanlon polymerization, or addition polymerization or 
polycondensation which proceeds through photodimer.zat.on. 
Among them, ethylenically unsaturated bonding groups such as 
30 acryl, vinyl or ally groups are particularly preferred, because 
they cause a photoradlcal polymerization reaction directly upon 
exposure to an ionizing radiation such as ultraviolet light or 
electron beams or indirectly through the action of an initiator 
and are relatively easy in handling including the step of 

35 photocuring. . 
[0033] The "heat curable group" which may be contained 
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in the monomer component is a functional group that, upon 
heating, can allow a reaction for Increasing the molecular 
weight such as polymerization or crosslinking with an identical 
functional group or other functional group to proceed to cause 
5 curing Specific examples of such groups include alkoxy, 
hydroxyl, carboxyl, amino, epoxy, and hydrogen bond forming 
groups. Among these functional groups, the hydrogen bond 
forming group Is preferred, because, when the fine particles are 
inorganic ultrafine particles, the hydrogen bond forming group 
10 is also excellent in affinity for hydroxyl groups present on. the 
surface of the fine particles and can improve the dispers.b.l.ty of 
the inorganic ultrafine particles and aggregates thereof In the 
binder. Among hydrogen bond forming groups, the hydroxyl 
group is particularly preferred for the following reasons. 
15 Specifically, the hydroxyl group can easily be introduced into 
the binder component, can realize storage stability of the 
coating composition, can realize the formation, upon heat 
curing, of a covalent bond with hydroxyl groups present on the 
surface of inorganic fine particles having voids, allows the 
20 void-containing fine particles to function as a crosslinking agent, 
and can realize a further improvement in coating film strength. 
In order to satisfactorily lower the refractive index of the 
coating film, the refractive index of the monomer component is 
preferably not more than 1.65. 
25 L0034] A monomer component having two or more 
ionizing radiation curable groups per molecule may be 
mentioned as the binder for the coating composition used In the 
formation of the low-refractive index layer in the anti reflective 
laminate according to the present invention. This is preferred 
30 from the viewpoints of improving the crosslinking density of the 
coating film and improving the film strength or hardness. 
[0035] In order to lower the refractive index of the 
coating film and to impart water repellency, the presence of a 
fluorine atom in the molecule is preferred. In the present 
35 invention, a combination of a polymer, which contains a fluorine 
atom, has a number average molecular weight of not less than 
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20000 and is curable upon exposure to an ionizing radiation, 
with fluorine-containing and/or fluorine-free monomers which 
contain two or more ionizing radiation curable functional groups 
per molecule is preferred. The composition using this 
5 combination comprises a monomer and/or a polymer containing 
an ionizing radiation curing-type fluorine atom as a binder for 
Imparting a film forming property (a film forming capability) 
and a low refractive index to the low-refractive index 
composition. 

10 [0036] The monomer and/or oligomer containing and/or 
free from a fluorine atom in its molecule has the effect of 
enhancing the crosslinking density of the coating film, is a 
component having high fluidity due to its small molecular 
weight, and the effect of improving the coatability of the coating 

15 composition. 

The fluorine atom-containing polymer has a satisfactorily 
large molecular weight and thus has a higher level of film 
forming property than the monomer and/or oligomer containing 
and/or free from a fluorine atom. A combination of this 

20 fluorine atom-containing polymer with the monomer and/or 
oligomer containing and/or free from a fluorine atom can 
improve the fluidity to improve suitability as the coating liquid 
and further can enhance the crosslinking density to improve the 
hardness or strength of the coating film. 

25 [0037] Specific examples of fluorine atom-containing 
monomers include fluoroolefins (for example, fluoroethylene, 
vinylidene fluoride, tetrafluoroethylene, hexafluoropropylene, 
perfluorobutadiene, perfluoro 2,2-dimethyl-l,3-dioxole), 
partially or fully fluorlnated alkyl, alkenyl, or alryl esters of 

30 acrylic or methacrylic acid (for example, compounds 
represented by formula (III) or (IV): 
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[Chemical Formula l] 



GH 2 =C 



i r 2 
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(III) 

wherein 

r 1 represents a hydrogen atom, an alkyl group having 1 
to 3 carbon atoms, or a halogen atom, 

r 2 and R 3 each independently represent a hydrogen atom, 
an alkyl group, an alkenyl group, a hetero ring, an aryl group, 

or a group defined by Rf, 

Rf represents a fully or partially fluorinated alkyl group, 

alkenyl group, hetero ring, or aryl group, 

R 1 , R 2 , R 3 , and Rf each may have a substituent other than 

a fluorine atom, and 

two or more of R 2 , R 3 , and Rf together may comhlne to 

form a cyclic structure, or 
[Chemical Formula 2] 

R 4 

ch 2 =C 

A. 
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(IV) 

wherein 

A represents a fully or partially fluorinated organic group 

having a valency of n, 

R 4 represents a hydrogen atom, an alkyl group having 1 
to 3 carbon atoms, or a halogen atom, and R 4 may have a 
substituent other than a fluorine atom, and 
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o is an integer of 2 to 8, 
fully or partially fluorlnated vinyl ethers, fully or partially 
fluorinated vinyl esters, and fully or partially fluorinated vinyl 
ketones. 

5 [0038] Specific examples of fluorine atom-free monomers 
include pentaerythritol triacrylate; diacrylates such as 
ethylene glycol diacrylate and pentaerythritol diacrylate 
monostearate; trlCmetrOacrylates such as trimethylolpropane 
triacrylate and pentaerythritol triacrylate? polyfunction^ 
10 (meth)acrylates such as pentaerythritol tetraacrylate 
derivatives and dipentaerythritol pentaacrylate; or oligomers 
produced by polymerizing these radical polymerlzable 
monomers. These fluorine-free monomers and/or oligomers 
may be used in a combination of two or more. 
15 L0039] A composition comprising a combination of a 
fluorine atom-containing polymer containing mutually 
polymerlzable functional groups with a fluorine atom-containing 
and/or fluorine atom-free monomer is preferred, because the 
fluorine atom-containing polymer can improve the film forming 
20 property of the coating composition, the fluorine 
atom-containing and/or fluorine atom-free monomer can 
enhance the crosslinking density and can improve the coatability, 
and, by virtue of the balance between both the components, 
excellent hardness and strength can be imparted to the coating 
25 film, in this case, the use of a combination of a fluorine 
atom-containing polymer having a number average molecular 
weight of 20,000 to 500,000 with a fluorine atom-containing 
and/or fluorine atom-free monomer having a number average 
molecular weight of not more than 20,000 is preferred, because 
30 various properties including coatability, film forming properties, 
film hardness, and film strength can easily be regulated. 
[0040] The polymer containing fluorine in Its 

molecule may be a homopolymer or copolymer of one or at 
least two fluorine atom-containing monomers properly selected 
35 from the above fluorine atom-containing monomers, or a 
copolymer of one or at least two fluorine atom-containing 
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monomers with one or at least two fluorine-free monomers. 
Specific examples thereof Include 

polytetrafluoroethylene/i,4-fluoroethylene-6-fluoropropylene 

copolymers, 4-fluoroethylene/perfluoroalkyl vinyl ether 
5 copolymers, 4-fluoroethylene/ethylene copolymers, polyvinyl 
fluoride, polyvinylidene fluoride, (co)polymers of partially and 
fully fluorinated alkyl, alkenyl, or aryl esters of acryl.c or 
methacryllc acid (for example, compounds represented by 
formula (III) or (IV)), fluoroethylene/hydrocarbon-type vinyl 
10 ether copolymers, and fluorine-modified products of epoxy, 
polyurethane, cellulose, phenol, polyimide, silicone or other 
resins. A commercially available product cytop (tradename: 
manufactured by Asahl Glass Co., Ltd.) may be mentioned as 
other example thereof. 
15 [0041] in this connection, in the present invention, 
polyvinylidene fluoride derivatives represented by formula (V) 
are particularly preferred because of their low refractive index, 
easy introduction of a curable functional group, and excellent 
compatibility with other binders and void-containing fine 

20 particles: 

[Chemical Formula 3] 



F R 51 

4— A- 
h If 



(V) 



wherein 

R 5 represents a hydrogen atom, an alkyl group having 1 

25 to 3 carbon atoms, or a halogen atom, 

R 6 represents a fully or partially fluorinated vinyl, 
(meth)acrylate, epoxy, oxetana, aryl, maleimide, hydroxyl, 
carboxyl, amino, amide, or alkoxy group through a directly or 
fully or partially fluorinated alkyl, alkenyl, ester, or ether chain, 

30 and 

p is 100 to 100000. 
[0042] Specific examples of polyvinylidene fluoride 
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derivatives represented by formula (V) include pentaerythrltol 
trlacrylate; diacrylates such as ethylene glycol dlacrylate and 
pentaerythrltol dlacrylate monostearate; tri(meth)acrylates 
such as trimethylolpropane trlacrylate and pentaerythrltol 
5 triacrylate; polyfunctional (meth)acrylates such as 
pentaerythrltol tetraacrylate derivatives and dipentaerychrttol 
pentaacrylate; or oligomers produced by polymerizing these 
radical polymerlzable monomers. These fluorine-free 
monomers and/or oligomers may be used in a combination of 

10 two or more. 

[0043] Various properties such as film forming properties, 
coatabiiity, the crosslinking density of the ionizing radiation 
curing, the fluorine atom content, and the content of heat 
curable polar group can be regulated by properly combining 
15 monomers, oligomers, or polymers belonging to the binder 
components, with monomers, oligomers, or polymers not 
belonging to the binder components. For example, the 
crosslinking density and processablllty are improved by 
monomers and oligomers, and the film forming property of the 
20 coating composition Is improved by the polymers. 

in the present Invention, various properties of the 
coating film can easily be regulated by properly combining a 
monomer having a number average molecular weight of not 
more than 20,000 (a number average molecular weight as 
25 measured by GPC using polystyrene as a standard substance) 
and a polymer having a number average molecular weight of 
not less than 20,000 selected from the binder components. 
[0044] Qctiopaj mmponants 

The low-refractive index layer comprises 
30 hydrophobitized fine particles and a binder. If necessary, the 
low-refractive index layer may further comprise, for example, a 
fluorocompound and/or a silicon compound, and a binder other 
than the ionizing radiation curing resin composition containing a 
fluorine atom in its molecule. Further, solvents, polymerization 
35 initiators, curing agents, crosslinking agents, ultraviolet light 
shielding agents, ultraviolet absorbers, surface conditioning 
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agents (leveling agents) or other components may be contained 
in the coating liquid for low-refractive index layer formation, 
[0045] 1) FjiinrQcom^fttind and / nr silicon compound 

The low- refractive index layer may contain and 
rather preferably contains a fluorocompound and/or a silicon 
compound that are compatible with any of the ionizing radiation 
curing resin composition containing a fluorine atom in its 
molecule and the fine particles. Flattening the surface of the 
coating film used on the outermost surface and Imparting 
slipperiness, which is effective for Improving antifouling 
properties and scratch resistance necessary for the 
antirefiective laminate, can be realized by incorporating the 
fluorocompound and/or the silicon compound. 
[0046] Further, in the present invention, preferably, at 
least a part of the fluorocompound and/or the silicon compound 
is Fixed to the outermost surface of the coating film as a result 
of the formation of a covalent bond by a chemical reaction with 
the ionizing radiation curing resin composition, whereby the 
slipperiness effective for improving the antifouling properties or 
scratch resistance necessary after the commercialization of the 
antirefiective laminate can be stably maintained for a long 
period of time. 

[0047] Specific examples of preferred fluorocompounds 
include compounds containing 

a perfluoroalkyl group represented by formula 
CdF 2tl+ i wherein d is preferably an integer of 1 or 2, 

a perfluoroalkylene group represented by formula 
-(CF 2 CF 2 ) g wherein g is preferably an integer of 1 to SO, 

a perfluoroalkyl ether group represented by 
Formula F-(-CF(CF 3 )CF 2 0-) e -CF(CF 3 ) wherein e is preferably an 
integer of 1 to 50, or 

a perfluoroalkeny! group exemplified by formula 
CF 2 =CFCF 2 CF 2 -, formula (CFb)2C=C(C 2 F 8 )-, or formula 
((CF,) 2 CF) 2 C=C(CF 3 )-, or 
mixtures of these fluorocompounds. 

[0048] The structure of the fluorocompound is not 
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particularly limited so far as the above functional group is 
contained. For example, polymers of fluorine-containing 
monomers or copolymers of fluorine-containing monomers with 
fluorine-free monomers may also be used, Among them, a 

5 block copolymer or a graft copolymer comprising a 
fluoropolymer segment, comprising either a homocopolymer of 
a fluorine-containing monomer, or a copolymer of a 
fluorine-containing monomer with a fluorine-free monomer, and 
a fluorine-free polymer segment is particularly preferred. 

10 [0049] In the copolymer, the fluorine-containing polymer 
segment mainly has the function of enhancing antifouling 
properties and water-repellent/oll-repellent properties, while 
the fluorine-free polymer segment has high compatibility with 
the binder and thus has an anchor function. Accordingly, the 

15 antireflective laminate using the copolymer Is advantageous in 
that, even when the surface is repeatedly rubbed, the 
separation of the fluorocompound is prevented and various 
properties such as antifouling properties can be maintained for 
a long period of time. 

20 [0050] The fluorocompound may be a commercially 
available product, and preferred examples thereof include 
Modiper F Series (tradename) manufactured by Nippon Oils & 
Fats Co., Ltd., Defensa MCF Series (tradename) manufactured 
by Dainippon Ink and Chemicals, Inc. 

25 [0051] The fluorocompound or/and the silicon compound 
preferably has a structure represented by formula (I): 
[Chemical Formula 4] 

Rb v Ra 




wherein 

30 Ra represents an alkyl group having 1 to 20 carbon 

atoms, 

Rb represents an unsubstituted alkyl group having 1 to 20 
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carbon atoms, or an amino, epoxy, carboxyl, hydroxyl, 
perfluoroalkyl, perfluoroalkylene or perfluoroalkyl ether group, 
or an (meth) acryloyl group-substituted alkyl group having l to 
20 carbon atoms, an alkoxy group having 1 to 3 carbon atoms, 
5 or a polyether-modified group, 

Ra and Rb may be the same or different, 
m is an integer of 0 to 200, and 
n is an integer of 0 to 200, 
[00521 The polydlmethylsilicone having a basic skeleton 
10 represented by formula (I) is generally known to have low 
surface tension and have excellent water repel lency or 
reusability. A further effect can be imparted by introducing 
various functional groups Into the side chain or end. For 
example, the reactivity can be imparted by introducing an 
15 amino, epoxy, carboxyl, hydroxyl, (meth) acryloyl, alkoxy or 
other group, and a covalent bond can be formed by a chemical 
reaction with the Ionizing radiation curing resin composition 
containing a fluorine atom in its molecule. Further, for example, 
oil resistance or lubricity can be imparted by introducing a 
20 perfluoroalkyl, perfluoroalkylene, perfluoroalkyl ether group. 
Furthermore, leveling properties or lubricity can be improved by 
introducing a polyether modification group. 
[0053] Such compounds are commercially available, and 
examples thereof Include fluoroalkyl group-containing silicone 
25 oil FL100 (tradename: manufactured by The Shin-Etsu Chemical 
Co., Ltd.), and polyether-modified silicone oil TSF4460 
(tradename, manufactured by GE Toshiba Silicone Co., Ltd.). 
Various modified silicone oils are available according to the 
purpose. 

3D [0054] In a preferred embodiment of the present 
Invention, the fluoro or/and silicon compound has a structure 
represented by formula (II): 

RCkSiX4-k (") 

wherein 

35 Rc represents a hydrocarbon group having 3 to 1000 
carbon atoms and containing a perfluoroalkyl, perfluoroalkylene, 
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or perfluoroalkyl ether group, 

X's, which may be the same or different, represent a 
hydrolyzable group, for example, an alkoxy group having l to 3 
carbon atoms (for example, a methoxy, ethoxy, or propoxy 
5 group), an oxyalkoxy group such as a methoxy methoxy or 
methoxyethoxy group, or a halogen group (for example, a 
chloro, bromo, or iodo group), and 

k is an Integer of 1 to 3. 
[0055] The presence of the hydrolyzable group has the 

10 effect that, particularly when fine particles as the inorganic 
component are used, the hydrolyzable group, together with 
hydroxy! groups on the surface of the fine particles, Is likely to 
form a covalent bond or a hydrogen bond and, consequently, 
the adhesion can be maintained. Compounds having this 

15 structure include fluoroalkylsilanes. For example, TSL8257 
(tradename: manufactured by GE Toshiba Silicone Co., Ltd.) 
may be mentioned as a commercially available product, 
[0056] The content of the fluorocompound and/or the 
silicon compound is preferably in the range of 0.01 to 10% by 

20 weight, preferably 0.1 to 3.0% by weight, based on the total 
weight of the Ionizing radiation curing resin composition 
containing a fluorine atom in its molecule and the Fine particles. 
When the content is in the above-defined range, satisfactory 
antifoullng properties and lubricity can be imparted to the 

25 anti reflective laminate and, at the same time, the strength of 
the coating film can be rendered satisfactory. 
[0057] The fluorocompounds and/or the silicon 
compounds may be used solely or as a mixture of two or more. 
Various properties such as antifoullng properties, 

30 water-repellency/oil-repellency, lubricity, scratch resistance, and 
durability can be regulated by properly selecting and using 
these compounds, whereby contemplated functions can be 
developed. 

[0058] 2) Polymerizati on initiator 

35 The polymerization initiator may be properly added 

according to the reaction form of the binder component and the 
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fine particles, for example, when the binder composed mainly of 
a fluorine atom-containing component, the fine particles to 
which ionizing radiation curing properties have been imparted, 
and the Ionizing radiation curable group as other binder 
5 component (optional component) are less likely to directly 
cause a polymerization reaction upon exposure to an ionizing 
radiation. 

[0059] For example, when the ionizing radiation curable 
group in the binder composed mainly of a fluorine 

10 atom-containing component is an ethylenically unsaturated 
bond, a photoradlcal polymerization initiator is used. 

Specific examples of photoradlcal polymerization 
initiators include acetophenones, benzophenones, totals, 
anthraqulnones, thioxanthones, azo compounds, peroxides, 

15 2,3-dialkyldione compounds, disulfide compounds, thluram 
compounds, and fluoroamine compounds. More specific 
examples thereof include l-hydroxy-cyclohexyl-phenyl-ketone, 
2-methyl-l-[4-(methylthio)phenyl]-2-morphollnopropan-l-one, 

benzyl ' dimethyl kewne ' 

20 i-(4-dodecylphenyl)-2-hydroxy-2-methylpropan-l-one, 

2-hydroxy-2-methyl-i-phenylpropan-l-one r 
l-(4-isopropylphenyn-2-hydroxy-2-methylpropan-l-one, and 

benzophenone. Preferred are 

1-hydroxy-cyclohexyl-phenyl-ketone and 
25 2-methyl-l-[4-(methylthio)phenyl]-2.morpholinopropan-l-one. 

These compounds are preferred, because they, even when used 
in a small amount, can function to accelerate the initiation of 
the polymerization reaction upon exposure to an ionizing 
radiation, 

30 [0060] They may be used either solely or in a 
combination of two or more. The above compounds may be 
commercially available products. For example, 

1-hydroxy-cyclohexyl-phenyl-ketone is available as 
Irgacure-184 (tradename: Ciba Specialty Chemicals, K.K.). 

35 [0061] The photoradlcal polymerization initiator Is 
incorporated in an amount of 3 to 15 parts by weight based on 
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the total weight (100 parts by weight) of the binder composed 
mainly of a fluorine atom-containing component. 

[0062] 3) Curing agent 

The curing agent may be incorporated for 

5 accelerating a heat curing reaction of a heat curable polar group 
in the binder composed mainly of a fluorine atom-containing 
component. When the heat curable polar group is a hydroxyl 
group, curing agents usable herein include basic 
group-containing compounds such as methylol melamlne, and 

10 compounds containing a hydrolyzable group that generates a 
hydroxyl group upon hydrolysis, for example, metal alkoxides. 
Preferred "basic groups" include amine, nltrlle, amide, and 
isocyanate groups. The -hydrolyzable group" is preferably an 
alkoxy group. 

15 [0063] When the heat curable polar group in the binder 
composed mainly of a fluorine atom-containing component is an 
epoxy group, polycarboxylic acid anhydrides or polycarboxylic 
acids are generally used as the curing agent In the coating 
composition. Specific examples of polycarboxylic acid 
20 anhydrides include aliphatic or alicyclic dicarboxylic anhydrides, 
for example, phthallc anhydride, itaconic anhydride, succinic 
anhydride, citraconic anhydride, dodeceny I succinic anhydride, 
tricarballylic anhydride, maleic anhydride, hexahydrophthalic 
anhydride, dlmethyltetrahydrophthalic anhydride, hymic 

25 anhydride, and nadinic anhydride; aliphatic polycarboxylic 
dianhyrides, for example, 1,2,3,4-butanetetracarboxyllc 
dlanhydrlde and cyclopentanetetracarboxylic acid dlanhydride; 
aromatic polycarboxylic anhydrides, for example, pyromellltic 
anhydride, trimeliitic anhydride, and benzophenonetetracarboxylic 

30 anhydride; and ester group-containing add anhydrides, for 
example, ethylene glycol blstrlmellltate and glycerin 
tristrimellitate. Preferred are aromatic polycarboxylic 
anhydrides. Epoxy resin curing agents formed of commercially 
available carboxylic anhydrides are also suitable. 

35 [0064] Specific examples of polycarboxylic acids used In 
the present invention include aliphatic polycarboxylic acids such 
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as succinic acid, glutaric acid, adlpic acid, butanetetracarboxylic 
acid, maleic acid, and itaconlc acid; aliphatic polycarboxyllc 
acids such as hexahydrophthalic acid, 
1,2-cyclohexanedicarboxylic acid ' 
5 1,2,4-cyclohexanetrlcarboxylic acid, and 

cyclopentanetetracarboxylic acid; and aromatic polycarboxyllc 
acids such as phthalic acid, isophthalic acid, terephthalatic acid, 
pyromellitic acid, trimellitlc acid, 

1,4,5,8-naphthalenetetracarboxylic acid, and 

10 benzophenonetetracarboxylic acid. Preferred are aromatic 
polycarboxyllc acids. The curing agent may be used in an 
amount of 0.05 to 30,0 parts by weight based on the total 
weight (100 parts by weight) of the binder composed mainly of 
the fluorine atom-containing component. 

15 [0065] Properties o f low-refrart ivp inriey la Y er 
1) Contact angle with water 

In a preferred embodiment of the present Invention, 
the low-refractive Index layer has a contact angle with water of 
not less than 90°, preferably not less than 100°. When the 

20 contact angle with water is this value, the water resistance, 
alkali resistance, and wetting resistance can be realized and, 
consequently, the mechanical properties of the low- refractive 
Index layer can be maintained for a long period of time. The 
larger the contact angle with water, the less the susceptibility of 

25 the surface of the coating film to water, that is, the less the 
impregnation of a water-containing alkali or the like into the 
coating film. Specifically, the contact angle was measured with 
JIS R 3257: 1999 "Testing method of wettability of glass 
substrate" with microscopic contact angle goniometer CA-QI 

30 series manufactured by Kyowa Interface Science Co., Ltd. 
[0066] 2) Refractive index 

The low- refractive index layer has a refractive 
Index of not more than 1.45, preferably not more than 1.42. 
3) Mean roughness 

35 in a planar area of 5 nm 2 in the outermost surface 

of the low-refractive index layer, 
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the ten-point mean roughness (Rz) Is not more 
than 100 nm, preferably not more than 80 nm, and 

the arithmetical mean roughness (Ra) is not less 
than 1 nm and not more than 30 nm, and, preferably, the lower 
5 limit of the arithmetical mean roughness (Ra) is not less than 2 
nm while the upper limit is not more than 25 nm. 

The mean roughness is measured by a method that 
measures the surface shape as a two-dimensional or 
three-dimensional profile. Since it is difficult to objectively 
10 compare the curve per se, various roughness indexes are 
calculated from the profile curve data. 

The ten-point mean roughness (Rz) is the sum of 
the mean of the five largest deviation values among deviation 
values from the mean value and the mean of absolute values of 
15 the five smallest deviation values. The arithmetical mean 
roughness (Ra) is the mean value of absolute values of 
deviations from the arithmetic mean value. 

The roughness is actually measured under a 
scanning probe microscope or an atomic force microscope. 
20 4 ) The water resistance can be evaluated by 

measuring the difference in reflectance using a testing black tea 
liquid according to the testing method specified in JIS K 6902. 
[0067] 2. i ight-h-angnarpnt hase material 

The light-transparent base material may be 
25 transparent, semi-transparent, colorless or chromatic so far as 
it is transparent to light. Preferably, however, the 
light-transparent base material is colorless and transparent. 
Specific examples of light-transparent base materials include 
glass plates, or thin films Formed, for example, by cellulose 
30 triacetate (TAC), polyethylene terephthalate (PET), diacetyl 
cellulose, cellulose acetate butylate, polyethersulfone, or acrylic 
resin: polyurethane resin; polyester; polycarbonate; 
polysulfone; polyether; trimethylpentene; polyether ketone; or 

(meth)acrylonltrile. 
35 The thickness of the light-transparent base material 

Is about 30 M.m to 200 ^m, preferably 50 nm to 200 
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[0068] 3. npfinnal layer 

The a nti reflective laminate according to the present 
invention comprises at least a light-transparent base material 
and a low-refractive index layer. Any optional layer may be 
5 further provided. 

[0069] 1) Hardcoat layer 

The hardcoat layer may be formed for improving 
scratch resistance, strength and other properties of the 
antireflective laminate. The term 'hardcoat layer" refers to a 
10 layer having a hardness of *H ff or higher in a pencil hardness 
test specified In 3IS 5600-5-4:1999. The hardcoat layer is 
preferably formed by using an ionizing radiation curing resin 
composition, more preferably a composition containing 
components having an (meth)acrylate-type functional group, for 
15 example, relatively low-molecular weight polyester resins, 
polyether resins, acrylic resins, epoxy resins, urethane resins, 
alkyd resins, spiroacetal resins, polybutadiene resins, polythiol 
polyether resins, polyhydric alcohols, ethylene glycol 
di(meth)acrylate, and pentaerythritol di(meth)acrylate 
20 monostearate or other di(meth)acrylates; trlmethylolpropane 
tri(meth)acrylate, pentaerythritol trl(meth)acrylate, or other 
tri(meth)acrylates, pentaerythritol tetra(meth)acrylate 
derivatives, dipentaerythritol penta(meth)acrylate, or other 
polyfunctional compound monomers, or epoxy acrylate or 
25 urethane acrylate or other oligomers. 

[0070] The thickness of the hardcoat layer (on a cured 
state basis) Is preferably in the range of 0.1 to 100 urn, more 
preferably in the range of 0.8 to 20 i*m. When the layer 
thickness is in the above-defined range, the function as the 
30 hardcoat layer is satisfactory. When the hardcoat layer is 
formed so as to have a refractive index of 1.57 to 1.70, this 
hardcoat layer per se functions also as other refractive index 
layer, that is, a medium-refractive index layer or a 
high-refractive index layer, and, thus, the anti reflect! on 
35 properties can be further Improved. 

[0071] In a more preferred embodiment of the present 
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invention, the hardcoat layer is formed as follows. 
Resin 

The resin is preferably transparent, and specific 
examples thereof include three types of resins, that is, ionizing 
radiation curing resins curable upon exposure to ultraviolet light 
or electron beams, mixtures of ionizing radiation curing res.ns 
with solvent drying-type resins, and heat curing res.ns. 
Preferred are Ionizing radiation curing resins. 
[0072] Specific examples of ionizing radiation curing 
resins include acrylate functional group-containing resins, for 
example, relatively low-molecular weight polyester res.ns, 
polyether resins, acrylic resins, epoxy resins, urethane resins, 
alkyd resins, spiroacetal resins, polybutadiene res.ns, 
polythlolpolyene resins, oligomers or prepolymers of 
15 (meth)acrylates or the like of polyfunctional compounds such as 
polyhydric alcohols, and reactive diluents. Specific examples 
thereof include monofunctional monomers and polyfunctional 
monomers such as ethyl (meth) acrylate, ethylhexyl 
(meth)acrylate, styrene, methylstyrene, N-vinylpyrrolidone, for 
20 example, polymethylolpropane tri (meth) acrylate, hexaned.ol 
fmethOacrylate, tripropylene glycol dl(meth)acrylate, diethylene 
glycol di(meth)acrylate, pentaerithrito! tri (meth) acrylate 
dipentaerithritol hexa(meth)acrylate, 1,6-hexanedlol 
di(meth)acrylate, and neopentyl glycol di(meth)acrylate. 
25 T0073] When an ionizing radiation curing resin is used as 
the ultraviolet curing resin, the use of a photopolymerizat.on 
initiator Is preferred. Specific examples of photopolymerizat.on 
initiators include acetophenones, benzophenones, M.chlers 
benzoyl benzoate, a-amyioxime ester, tetramethylthiuram 
30 monosulfide, and thioxanthones. Further, a photosens.t.zer IS 
preferably mixed in the resin, and specific examples thereof 
include n-butylamine, triethylamine, and poly-n-butyiphosphme. 
[0074] The solvent drying-type resin used as a mixture 
with the ionizing radiation curing resin is mainly a thermoplastic 
35 resin. Generally exemplified thermoplastic resins may be used. 
The occurrence of coating film defects in the coating surface can 
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be effectively prevented by adding the solvent drying-type resin, 
in a preferred embodiment of the present invention, when the 
material for the transparent base material is a cellulosic resin 
such as TAC, specific examples of preferred thermoplastic resins 
5 include cellulosic resins, for example, nitrocellulose resins, 
acetyl cellulose resins, cellulose acetate propionate resins, and 
ethylhydroxyethylcellulose resins. 

[0075] Specific examples of heat curing resins include 
phenolic resins, urea resins, diallyl phthalate resins, melanin 

10 resins, guanamine resins, unsaturated polyester resins, 
polyurethane resins, epoxy resins, aminoalkyd resins, 
melamme-urea co-condensation resins, silicone resins, and 
polyslloxane resins. When heat curing resins are used, if 
necessary, curing agents such as crosslinking agents and 

15 polymerization initiators, polymerization accelerators, solvents, 
viscosity modifiers and the like may also be added. 

[0076] Solvent 

In forming the hardcoat layer, a composition for a 
hardcoat layer which is a mixture of the above components with 
20 a solvent is utilized. Specific examples of solvents include: 
alcohols such as Isopropyl alcohol, methanol, and ethanol; 
ketones such as methyl ethyl ketone, methyl isobutyl ketone, 
and cyclohexanone; esters such as ethyl acetate and butyl 
acetate; halogenated hydrocarbons; aromatic hydrocarbons 
such as toluene and xylene; or mixtures thereof. Preferred are 
ketones and esters. 

Optional rnppnnftnts 
[0077] 1) Polymer isation initiator 

A photopolymerization initiator may be used' in 
forming a hardcoat layer. Specific examples thereof include 
l-hydroxy-cyclohexyl-phenyl-ketone. This compound .s 
commercially available, for example, under the tradename 
Irgacure 1B4 (manufactured by Ciba Specialty Chemicals, K.K.). 
The hardcoat layer may comprise an antistatic agent 
35 (electrically conductive agent) and/or an anti-dazzling agent. 
The antistatic agent and the anti-dazzling agent may be the 
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same as those which will be described later. 

[0078] z) , ms&ste aa ant anH ^ r apibdazzling agent 

The hardcoat layer preferably comprises an 
antistatic agent and/or an anti-dazzling agent The antistatic 

5 agent and the anti-dazzling agent may be the same as that 
described in connection with an antistatic layer and an 
anti-dazzling layer which will be described later. 
[0079] Frirrvtatinn of harrirnat layer 

The hardcoat layer may be formed by mixing the 

10 above-described resin, solvent and optional components 
together to prepare a composition which is then coated onto a 
light transparent base material. In a preferred embodiment of 
the present invention, a leveling agent such as a fluoro or 
silicone leveling agent is added to the liquid composition. The 

15 liquid composition with a leveling agent added thereto can 
effectively prevent the inhibition of curing by oxygen on the 
coating film surface at the time of coating or drying and can 
impart scratch resistance, 

[0080] The composition may be coated by a coating 
20 method such as roll coating, Mayer bar coating, or gravure 
coating., After coating of the liquid composition, drying and 
ultraviolet curing are carried out. Specific examples of 
ultraviolet light sources include ultrahigh pressure mercury 
lamps, high pressure mercury lamps, low pressure mercury 
25 lamps, carbon arc lamps, black light fluorescent lamps, and 
metal halide lamps. A wavelength region of 190 to 380 nm 
may be used as wavelengths of the ultraviolet light. Specific 
examples of electron beam sources include various electron 
beam accelerators, such as Cockcroft-Walton accelerators, van 
30 de Graaff accelerators, resonance transformers, insulated core 
transformers, linear, dynamitron, and high-frequency electron 
accelerators. 

[0081] 2) Antistatic layer 

The antistatic layer may be provided in the 
35 antlreflective laminate from the viewpoints of suppressing the 
occurrence of static electricity, the elimination of dust adhesion, 
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and' the suppression of external electrostatic troubles. The 
antistatic layer preferably has the function of playing a role for 
bringing the surface resistivity of the a nti reflective laminate to 
not more than 10 12 OfU. However, even when the surface 
5 resistivity is not less than 10 12 preferably, the antistatic 
layer is provided so far as the above various functions such as 
the suppression of the occurrence of static electricity can be 
developed. 

[0082] Specific examples of antistatic agents usable for 

10 antistatic layer formation include quaternary ammonium salts, 
pyridinium salts, various cationic compounds containing catlonic 
groups such as primary to tertiary amino groups, anionic 
compounds containing anionic groups such as sulfonic acid 
bases, sulfuric ester bases, phosphoric ester bases, and 

15 phosphonic acid bases, amphoteric compounds such as amino 
acid and aminosulfuric acid ester compounds, nonionic 
compounds such as amino alcohol, glycerin, and polyethylene 
glycol compounds, organometal compounds such as alkoxides of 
tin and titanium, and metal chelate compounds such as their 

20 acetyl acetonate salts. Further, compounds prepared by 
increasing the molecular weight of the above exemplified 
compounds may also be mentioned. Furthermore, monomers 
or oligomers, which contain a tertiary amino group, a 
quaternary ammonium group, or a metal chelate part and is 

25 polymerizable by an ionizing radiation, or polymerlzable 
compounds, for example, organometal compounds such as 
coupling agents containing a functional group(s) polymerizable 
by an ionizing radiation may also be used as the antistatic 
agent. 

30 [0083] Further, ultrafine particles having a particle 
diameter of not more than 100 nm f for example, tin oxide, 
tin-doped indium oxide (ITO), antimony-doped tin oxide (ATO), 
Indium-doped zinc oxide (AZO), antimony oxide, and indium 
oxide, may also be used as the antistatic agent. The particle 

35 diameter of such compounds have a particle diameter which is 
not more than the wavelength of visible light, that is, a particle 
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diameter of not more than 100 nm. Accordingly, the formed 
antistatic layer is transparent and Is not detnmental to the 
properties of the antireflective laminate. 

ro0841 In another embodiment of the present invention, 
n antistatic agent may be added to the hardcoat law an 
anti-dazzling layer which will be described later and the 
refractive index layer to impart an antistatic capability to these 
layers. 

[0085] 3) ftctLJiaallna 'ever 

The anti-dazzling layer may be provided between 
the transparent base material and the hardcoat layer or the 
low-refractive index layer. The antl-dazzling layer may be 
formed of an ionizing radiation curing resin composition and fine 
particles. The Ionizing radiation curing resin composition may 
be properly selected from those dascribed above In connection 
with the hanicoat layer. The fine particles may be either an 
inoisanlc type or an organic type but are preferably resin 

roose'l m a more preferred embodiment of the present 
nventlon, the antl-dazzling layer may be formed as follows. 
The anti-dazzling layer preferably satisfies all the followmg 
formulae simultaneously: 
8R £ Sm < 30R 
r < Hmax < 3R 
25 1.3 * 6a < 2.5 

1 < R < 8 

wherein R represents the average particle diameter o the 
fine particles, ^m; Hmax represents the maximum value of he 
distance of the profile peak in profile irregularities from the 
30 base material surface in the vertical direction, »m; Sm 
represents the mean spacing of profile Irregularities, um; and 
Ba represents the average angle of inclination in the profile 

irregularities. . 
[0087] In still another preferred embodiment of the 
35 present invention, the anti-dazzling layer satisfies ah - | nl - 
n2| < 0.1 wherein nl represents the refractive index of the f.ne 
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particles and n2 represents the refractive index of the 
transparent resin composition, and the haze value within the 
anti-dazzling layer is not more than 55%. 

[0088] anthdazziina «gent 

5 * Fine particles may be mentioned as the 

anti-dazzling agent and may be In the form of sphere, ellipse 
and the like, preferably sphere. The fine particles may be 
either inorganic or organic type. The fine particles are 
preferably formed of an organic material. The fine particles 

10 exhibit anti-dazzling properties and are preferably transparent. 
Specific examples of fine particles include plastic beads, more 
preferably transparent plastic beads. Specific examples of 
plastic beads include styrene beads (refractive index 1.59), 
melamlne beads (refractive index 1.57), acrylic beads 

15 (refractive index 1.49), acrylic-sty rene beads (refractive index 
1 54), polycarbonate beads, polyethylene beads and the like. 
The amount of the fine particles added is 2 to 30 parts by 
weight, preferably about 10 to 25 parts by weight, based on 
100 parts by weight of the transparent resin composition. 

20 [0089] An antisettling agent is preferably added in the 
preparation of the composition for an anti-dazzling layer, 
because the addition of the antisettling agent can suppress the 
precipitation of the resin beads and consequently can 
homogeneously disperse the resin beads in the solvent. 

25 Specific examples of antisettling agents usable herein include 
silica beads having a particle diameter of not more than 0.5 nm, 
preferably about 0.1 to 0.25 |im. 

[0090] The thickness of the anti-dazzling layer (cured 
state) is preferably 0.1 to 100 urn, preferably 0.8 to 10 urn. 
30 When the layer thickness is In the above-defined range, the 
functions as the anti-dazzling layer can be satisfactorily 
developed, 

[0 09i] 4) Qj± teEke i"H*Y Invrrs fhtf i h-r-fpichvc index 

35 In a preferred embodiment of the present invention, 

other refractive index layers (a high- refractive index layer and a 



33 



medium-refractive index layer) may be provided to further 
improve the antireflection properties. Preferably, these layers 
may be provided between the hardcoat layer and the 
iow-refractive index layer. The refractive index o these 
5 refractive index layers may be set to a range of 1.46 to 2.00. 
Further, in the present invention, the medium-refractive mdex 
layer refers to a layer having a refractive index in the range of 
1.46 to 1.80. The high refractive Index layer refers to a layer 
having a refractive index in the range of 1.65 to 2.00. 
10 r 0 092] These refractive index layers may be formed of an 
ionizing radiation curing resin and ultrafine particles having a 
particle diameter of not more than 100 nm and a predetermined 
refractive index. Specific examples of such fine part.cles (the 
value within the parentheses representing the refractive index) 
15 include zinc oxide (1.90), titania (2.3 to 2 7), certa (1 95) 
tin-doped indium oxide (1.95), antimony-doped tin oxide (1.80), 
yttria (1.87), and zlrconia (2.0). 

[0093] The refractive index of the ultrafine particles is 
preferably higher than that of the ionizing radiation curing res.n. 

20 in general, the refractive index of the refractive index layer is 
determined by the content of the ultrafine particles. Therefore, 
the larger the amount of the ultrafine particles added, the 
higher the refractive index of the refractive index layer. . For 
this reason, the refractive Index was brought to a range of 1.46 

25 to 1.80 by regulating the addition ratio of the ionizing radiation 
curing resin and the ultrafine particles. The formation of the 
higher-refractive Index layer or the medium-refractive mdex 
layer is possible. 

roo94] When the ultrafine particles are electrically 
30 conductive, other refractive Index layer (a high- refractive index 

layer or a medium-refractive index layer) formed of such 

ultrafine particles has antistatic properties. 

[0095] The high-refractive index layer or 

medium-refractive index layer may be in the form of a 
35 vapor-deposited film of an inorganic oxide having a high 

refractive Index such as titanium oxide or zirconium ox.de 
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formed by vapor deposition such as chemical vapor deposition 
(CVD) or physical vapor deposition (PVD), or alternatively may 
be in the form of a coating film with inorganic oxide fine 
particles having a high refractive index such as titanium oxide 
dispersed therein. 
[00961 S) A""-fn"iina 'aver 

In a preferred embodiment of the present invention, 
an anti-fouling layer may be provided for preventing fouling of 
the outermost surface of the low- refractive index layer 
Preferably, the anti-fouling layer is provided on the surface of 
the light transparent base material remote from the 
low-refractive index layer. The anti-fouling layer can further 
improve anti-fouling properties and scratch resistance of the 
antlreflective laminate. 
15 L0097] Specific examples of agents for the antl-foullng 
layer include fluorocom pounds and/or silicon compounds, which 
have low compatibility with an ionizing radiation curing resin 
composition having a fluorine atom In Its molecule and cannot 
be incorporated into the low- refractive index layer without 
20 difficulties, and fluorocompounds and/or silicon compounds 
which are compatible with an ionizing radiation curing resin 
composition having a fluorine atom In its molecule and fine 
particles. 

[0098] Prnrinrunn pr^ w "f antirpflertlvfl laminate 
25 f fti-matinn of iftw-rafractlvft index layer 

In order to form the low- refractive index layer on a 
light-transparent base material or the outermost surface of any 
desired layer, a coating liquid for a low- refractive index layer Is 
prepared. 

30 [0099] Preparation nf CflflttM limlid 

The coating liquid may be prepared by mixing and 
dispersing fine particles, a binder, and other components 
according to a conventional preparation method. The mixing 
and dispersion can be properly carried out, for example, by a 

35 paint shaker or a bead mill. 

[0100] Solvent 
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A solvent may IF necessary be used in the 
preparation of a coating liquid for a low-rafractlve Index layer 
,Z the viewpoints of dissolving and dlspersm so d 
ompoLs, reflating the concentration and ^provln 
coallity. The solvent , ""^l^Z < Z 

23 acetate, ethyl acetate and butyl acetate; hamate 
hydrocarbons; aromatic hydrocarbons such as toluene 
xvlene' or mixtures thereof, preferred are ketones. 
Sol] When a coating liquid prepared using ketones 
S e , the coating liquid can easily be coated 
surfa ' ca thinly and evenly. At the same time, the ev 
rate of the solvent after coating is proper and can effectively 
suppress uneven drying and the like, and can ea Hy form an 
evenv thin large-area coating film, in particular, when a 
evenly tnm ior»= coa tlno an antl-dazzlmg 

refractive Index layer is coated after coating 
aV er or an anti-dazzling agent onto the hardcoat ayer, the 
oToaratlon of a coating liquid us.ng a ketone solvent can 

21 - *• - rface h r in3 ,in \:r 

convexes, whereby uneven coating can^ be prevented 

roiozi A single solvent composed of one ketone, a mixed 

vent composed 9 of two or more ketones and a s - ^ 
containing one or at least two ketones and additionally other 
solvent S) which does not lose properties as the ketone solvent 
ZTL as the ketone solvent. A ketone solvent in which 
not less than 70% by weight, particularly not less than SOAby 

, ,«i„hr of the solvent is accounted for by one or at least two 
' ^ .Crefeted. The amount of the -J^X 
regulated so that the solvent can dissolve and disperse eacn 
component homogeneously, the prepared dispersion does n 
c a r e agglomeration during storage, and the coating liquid s 
* not excessively thin at the time of coating. In this connection, 
5 method s preferably adopted In which the amount of the 
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solvent used Is reduced In such an a mount range that can 
satisfy the above requirements, to prepare a coating liquid for 
,ow-refractive index layer formation by high-concentration 
coating, the high-concentration coating liquid is stored in such a 

5 state that no large capacity is required, and, in use, a necessary 
amount of the hig^concentratlon coating liquid is taken out and 
IS diluted to a concentration suitable for coating work. 
.0103] A coating liquid for a low-refractive index layer, 
which is particularly excellent in dispersion stability and » 

10 suitable for long-term storage, can be prepared by using, based 
on 100 parts by weight In total of the solid matter - and the 
solvent, 0.5 to 50 parts by weight in total of the solid matter 
and 50 to 95.5 parts by weight of the solvent, more prefer* y 
10 to 30 parts by weight In total of the solid matter and 70 to 

15 90 parts by weight of the solvent. 

[0104] Casting. 

The coating liquid for a low- refractive index layer is 

coated onto the light-transparent base material or the 
outermost surface of any optional layer. Specific examples of 
coating method usable herein include various methods such as 
spin coating, dip coating, spraying, slide coating, bar coat.ng, 
roll coating, meniscus coating, flexographlc printing, screen 
printing, and bead coating. 

[oio5] p?rm atinn nf on«onal layers 

in the antireflective laminate, in addition to the 
light-transparent base material and the low-refractive index 
layer, optional layers may be formed. In this case, the optional 
layers can be formed by preparing a coating liquid for each 
layer and coating the coating liquid In the same manner as in 
30 the formation of the low-refractive index layer. 
EXAMPLES 

[0106] The contents of the present invention will be 
described In more detail with reference to the following 
Examples that should not be construed as limiting the present 

35 invention. 

[ 010 7] 1. Hyrlmphilizat h n t^"^^ nf fin^ PaTt'C'cs 
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1) -T^l-mant rnnplinn aflftnt 

An isopropyl alcohol-dispersed linear colloidal silica 
CIPA-ST-UP; manufactured by Nissan Chemical Industries Ltd.; 
solid content 15%; silica having a primary particle diameter of 9 
5 to 15 nm has been linearly connected) was introduced n o a 
rotary evaporator. Isopropy. alcohol as the -'vent was 
replaced by methyl isobutyl ketone to prepare a dispersion 
liquid having a silica fine particle content of 20% by weight 
3-Methacryloxypropylmethyldimethoxysilane (5 parts by weight) 
10 was added to 100 parts by weight of the methyl isobutyl ketone 
dispersion liquid, and the mixture was heat treated at 50 C or 
one hr to prepare a methyl isobutyl ketone dispersion , I qu d 
having a hydrophobic linear silica fine part.cle content of 
20% by weight. 
15 [OlOB] 2) pn|ymPr grafting treatment 

Porous silica fine particles (Nips.l SS50F. 
tradename, manufactured by Nippon Silica Industrial Co,, Ltd., 
primary particle diameter 20 nm, refractive index 1.38, specific 
surface area 82 mVg) (5-0 9), 10.0 g of a 
20 polydlmethylsiloxane having an OH group on its both ends 
(HK-20; number average molecular weight 6000; Toa Gose, 
Chemical Industry Co., Ltd.), and 40.0 g of methyl Isobutyl 
ketone were placed in a stirred vessel. The mixture was 
shaken in a paint shaker using zlrconla beads (<p; 0.3 mm) as a 
25 medium in an amount of four times the amount of the , nnctart 
for 3 hr to prepare a dispersion solution. This dispersion 
solution was transferred to a flask with a cooling tube, and the 
mixture was stirred at 100'C for 5 hr to covalently bond a part 
of the reactive polymer to porous silica. 
30 After the completion of the reaction, the reaction 

liquid was introduced into a centrifugal separator. The fine 
particles were settled, and the supernatant was removed. 
Methyl isobutyl ketone was again added, and the mixture was 
ultrasonically treated. The treatment in which the ultrafme 
35 particles are redispersed and the dispersion is centnfuged were 
repeated until no polymer component was . observed m the 
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supernatant after the settlement of the ultrafine particles. The 
solid content of the final dispersion liquid was adjusted to 20% 

by weight. . . 

The silica fine particles after washing were dried in 

5 vacuo at room temperature to prepare polymer-bonded silica 
fine particles. The amount of the polymer bonded to he 
surface of the ultraf.ne particles was determined from the 
amount of the polymer which had been heat decomposed by a 
thermogravimetric analysis and was found to be 15% by weight. 

10 [Q1Q9] - B aa iatlM " f ™» ting liqu id - for '™- rpfrarHve lndg * 

The following ingredients were mixed together to 
prepare a coating liquid, 

rvvatln^ liquid 1 

15 Fluorine atom-containing binder resin 

(Opstar JM5010: tradename, manufactured 

by JSR Corporation, refractive index 1.41, 

solid content 10% by weight, methyl ethyl 

. 20 parts by mass 

ketone solution) * u ■* 7 

20 photopolymerization initiator 

(irgacure 907: tradename, 

manufactured by Ciba Specialty 

Chemicals, K.K.) 0.1 *> art b * maSS 

1,1) Coupling agent-treated fine particles 
25 dispersion liquid 2 ' 5 parts by 

weight 

Fluoro additive 

Modiper F3035(tradename, manufactured 
by Nippon Oils & Fats Co., Ltd.; 
30 solid content 30% by weight) 0.4 part by mass 

r^pg liquid 2 

1,2) Coating liquid 2 was prepared in the same 
manner as in coating liquid 1, except that a fine particle 
dispersion liquid subjected to polymer grafting was used. 
35 Coating liquid 3 

Coating liquid 3 was prepared in the same manner 



39 



as (n coating liquid 1, except that F3035 was not added. 
r ?? Hng liquid 4 

Coating liquid 4 was prepared in the same manner 
as in coating liquid 2, except that F3035 was not added. 
5 rnaHnq liquid 5 

C^ngliquid 5 was prepared in the same manner 
as in coating liquid i, except that an Isopropyl 
,inear colloidal silica not subjected to treatment w.th a coupling 

agent was used. 

in ^nfifing liquid 6 

Coating liquid 6 was prepared in the same manner 

as in coating liquid 2, except that porous silica fine particles not 

subjected to polymer grafting treatment was used. 

[Olio] 3. Esimisian^ f hart™* '*v* r n aJl OhMmnwintnt b ase. 

15 maisrmi ^ ingre dients were mixed together to 

prepare a coating liquid for a hardcoat layer. 

mating liquid foi pjifcQal laver 

Pentaerythritol triacrylate (PETA) 5 parts by mass 

20 Photo polymerization initiator 

(Irgacure 184: tradename, 

manufactured by Ciba Specialty 

Chemicals, K.K.) 0.25 part by 

25 ^ Methyl isobutyl ketone *4.75 P«* b V 

mass 

roill] boating . 

A coating liquid for a hardcoat layer was bar coated 
onto an 80 .m-thick triacetate cellulose (TAC) film The coated 
30 film was dried to remove the solvent. Ultraviolet light was then 
applied to the coating with an ultraviolet irradiation apparatus 
(Fusion UV Systems Japan KK, light source H bulb) at an 
exposure of 108 mVcm 2 to cure the hardcoat layer and thus to 
form a laminate of base material/hardcoat layer (thickness 2 

35 urn), , 
rem] 4. Preaarauofl of ajattrgfJgrtivg laminate 
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"a coating liquid 1 for a low-refractlve Index ayer 
was bar coated onto the laminate o, base material/hardcoat 
Tayer Prepared in the above item 3, and the coating was dried 
layei v TWnaWer the coating was exposed to 

; to remove the solvent. Thereafter, the coa g 

ultraviolet light at an exposure of 200 mvem 
^violet irradiation apparatus (Fusion UV System Japan KK 
llgM source H bulb) to cure the coatmg m - 
•nHi-eflective animate of oase 
0 e ractive index layer. The leyer thickness wa 

aTusted so that the minimum value of the reflectance was at a 
wavelength around 550 nm. 

[01131E£a tf1nt,reflec t ,ve laminate was prepared in the 
.5 sa me manner as in Exampie 1, except that coating liquid 2 for a 
low-refractive index layer was used. 

same manner as in Example l, except that a coating liquid 3 or 
20 "Active index .ayerw. used. Further, a coa 

having the following composition was coated to a thickness of 
30 nm onto the outermost surface of the anti reflective lammate 
ndThe^atina was heat cured at 70=C for 4 mm to orrn an 
overcoat layer and thus to prepare an ant.reflect.ve lammate. 
25 coating liflujd, [far oveicflal 

Fluorine-modified silicone 
KP-801M (tradename, manufactured 
by The Shin-Etsu Chemical Co., Ltd.; 
solid content 3% by weight) *- 7 parts oy 

30 weight 

Fluorine-type solvent 

FC-40 (tradename, manufactured by 

im i f ri ^ 93.3 parts by 

Sumitomo 3M Ltd.) 

weight 

35 [ ° 1151Effl tf deflective laminate was prepared In the 
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same manner as in Example 3, except that coating liquid 4 for a 
low-refractive index layer was used, 
rone] camparotive Examclg-1 

L An antireflectlve laminate was prepared in the 

S same manner as in Examp.e 1. except that coating liqmd 5 for 
low-refractive index layer was used. 
rni-17] r pmparatiyp Fxample 2. 

[ J ^n^n^^larnmate was prepared .n the 
same manner as in Example 1, except that coating l.ou.d 6 for 
10 low-refractive index layer was used. 

[0U81 — jmmersed m , weakly , r . = 
[Cleaner IC -IMS, manufactured by LION OFFICE PRODUCTS 
CORP] and w« then reciprocated by 30 times on each 

^ r— Indicated More and after the 
recCcation and are shown in Table 1 (before the test) and 

Table Z (after the test). 

2 C J ^Ttnelc^ng range of the outermost surface 

Planar region of 5 um') of the anti-danling laminate, the 
(planar region u j arithmetical mean 

ten-point mean roughness (Rz) ana me « 
roughness (Ra) were measured with an atomic force mlcrascope 
25 AFM (NenoScope STM/AFM; manufactured by DIGITAL 
INSTRUMENTS, INC.)- n ^,nr» and 

^"^he absolute reflectance of the outermost surface 
30 of the antl-da»llng laminate was measured Witt , a 
spectrophotometer C UV-3 10 0PC) manufactured by Shlmadzu 

Seisakusho Ltd. 

Evaluate v sagasmsmBDt of haza 

The haze value of the outermost surface of the 

35 antl-dazzling laminate was measured w^ f K 7l05 ' 
1981 nesting methods for optical propert.es of plastics. 
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[0120] EyamaflflD 4: Adhnrmn wwinwi-inn test 

The outermost surface of the antl-dazzllng laminate 
was visually inspected for the separation of the coating film 
according to US K 5600-5-6:1999 Testing methods for pa.nts - 
5 Part 5: Mechanical property of film - Section 6: Adhesion test 
(Cross-cut test)." The results were evaluated according to the 
following criteria. 

evaluation standard 

Evaluation O ; The coating film was not separated 

10 ata "" Evaluation A s The coating film was partially 
separated. ^ ^ coatjng Wm was wno „y 

separated. „ 

15 [0 i2i] zisbism 5j Msasii£S£D 5 Di of ronract an xu* 

The contact angle of the outermost surface of the 
anti-dazzling laminate was measured according to J IS R 
3257:1999 'Testing method of wettability of glass substrate 
surface/' 

20 Evaluating fv Scratch CfiSistance evaluation test 

~~ " The surface of the antireflective laminate was 
rubbed by 10 times of reciprocation with steel wool of #0000 
under a predetermined frlctional load (varied in 200 g 
increments in the range of 200 to 1000 g), and the haze value 

25 was then measured. The measured haze value was compared 
with the haze value of the antireflective laminate before rubbing 
to determine the minimum load where a change of not less than 
3% was observed. The scratch resistance of the antireflect.ve 
laminate was evaluated based on the results. 

30 [0122] Evaluation. 7: Wat a c rMWaoco gvaiuaiiao East ^ 

The water resistance of the fine particles of the 
low-refractive index layer was evaluated by the following 
method. The results were as shown in Table 3 below, 
35 { -valuation method 

A black tea liquid for a test was prepared accordtng 
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to the testing method specified in IIS K 6902. Specifically, 500 
ml of water was boiled. A black tea leaf (5 g) was added 
thereto, and the mixture was extracted with occasional stirring 
for 5 min. The supernatant was used as a black tea liquid for 

tGSt The black tea liquid for the test (2 ml) was dropped 
on the surface of each of the a nti reflective laminates The 
dropped part was covered with a watch glass. This was 
designated as sample 1. A sample 2 (blank) on which the 
black tea liquid for the test was not dropped was also provided. 
Each of the samples was allowed to stand for 24 hr. The 
dropped part of sample 1 was wiped off with ethano or 
methanol, was further wiped off with dried gauze, and was then 
allowed to stand Tor one hr. 
EyjluaiiflD method 

Since no change was observed in the evaluation method 
specified in JIS K 6902 (a method in which standard light 
specified in JIS z B720 was applied from above the sample and 
the surface of the sample is visually observed), the 
measurement of the reflectance was carried out as a unique 
evaluation method. Specifically, the reflectance of samples 1 
and 2 was measured, and the difference in reflectance between 
samples 1 and 2 was determined and was evaluated according 
to the following criteria. 

Fwcinafrinn rriteria 

©: The difference In reflectance between the two 
samples was not less Chan 0.0 and less than 0.2%. 

O: The difference in reflectance between the two 
samples was not less than 0.3 and not more than 0.6%. 

x: The difference in reflectance between the two 

samples was not less than 0.8%. 
[0123] [Table 1] 
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